AD 


* 


Award  Number:  DAMD1 7-01 -1-0279 

TITLE:  Serum  DNA  Microsatellites  as  Surrogate  Genetic  Markers  of  Breast  Cancer 
Progression 

PRINCIPAL  INVESTIGATOR:  Dave  S.  B.  Hoon,  Ph.D. 

CONTRACTING  ORGANIZATION:  John  Wayne  Cancer  Institute 

Santa  Monica,  CA  90404 

REPORT  DATE:  April  2005 

TYPE  OF  REPORT:  Final 

PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 

DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of  the  author(s)  and 
should  not  be  construed  as  an  official  Department  of  the  Army  position,  policy  or  decision 
unless  so  designated  by  other  documentation. 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


2.  REPORT  TYPE 


1.  REPORT  DATE  (DD-MM-YYYY) 

01-04-2005 


4.  TITLE  AND  SUBTITLE 

Serum  DNA  Microsatellites  as  Surrogate  Genetic  Markers  of  Breast  Cancer 
Progression 


3.  DATES  COVERED  (From  -  To) 

1  Oct  2001  -  31  Mar  2005 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

DAMD 17-01 -1-0279 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

Dave  S.  B.  Hoon,  Ph.D. 


E-mail:  hoon(5)iwci.or 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 


John  Wayne  Cancer  Institute 
Santa  Monica,  CA  90404 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 
U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 

Approved  for  Public  Release;  Distribution  Unlimited 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


8.  PERFORMING  ORGANIZATION  REPORT 
NUMBER 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


14.  ABSTRACT 

The  main  objective  of  the  study  is  the  assessment  of  microsatellite  markers  with  loss  of  heterozygosity  (LOH)  in  serum,  bone 
marrow  (BM),  and  primary  tumors.  In  addition  the  study  involves  the  assessment  of  circulating  tumor  cells  in  blood  if  they 
correlate  with  serum  circulating  DNA.  This  is  the  final  progress  report  of  the  study.  The  study  was  delayed  due  to  logistics  of 
the  Office  of  Regulatory  Compliance  and  Quality,  U.S.  Army  Medical  Research  and  Materiel  Command  and  our  Human 
Subjects  IRB.  The  project  has  continued  on  and  is  now  completed.  We  have  successfully  demonstrated  LOH  detection  in 
breast  cancer  patients  serum,  bone  marrow,  and  tumors.  During  the  course  of  the  study  we  have  developed  an  optimal  assay 
using  capillary  array  electrophoresis.  The  assay  is  more  sensitive  than  the  original  gel  assay  proposed.  The  study 
demonstrated  LOH  in  serum  was  a  significant  prognostic  factor. 


15.  SUBJECT  TERMS 

No  subject  terms  provided. 


16.  SECURITY  CLASSIFICATION  OF: 

a.  REPORT 

U 

b.  ABSTRACT 

U 

c.  THIS  PAGE 

U 

17.  LIMITATION 

18.  NUMBER 

OF  ABSTRACT 

OF  PAGES 

UU 

12 

19b.  TELEPHONE  NUMBER  (include  area 
code) 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


Table  of  Contents 


Cover . 1 

SF  298 . 2 

Table  of  Contents . 3 

Introduction . . 4 

Body . 5 

Key  Research  Accomplishments . 9 

Reportable  Outcomes . 10 

Conclusions . 11 

References . 12 


3 


Introduction 


Initiation  and  progression  of  breast  cancer  involves  the 
serial  accumulation  of  a  variety  of  genetic  (DNA)  alterations  to 
the  cell  (1)  .  One  such  event  involves  loss  of  heterozygosity 
(LOH)  of  DNA  which  has  been  shown  to  occur  frequently  in  primary 
breast  cancers  and  more  so  in  metastatic  disease  (2)  .  It  has 
been  suggested  that  these  allelic  imbalance  (AI)  are  associated 
with  tumor  progression  may  involve  potential  tumor  suppressor 
genes  and/or  metastasis  regulator  genes  (3,4).  Detection  of 
these  circulating  tumor-associated  DNA  markers  in  the  blood  from 
cancer  patients  may  serve  as  surrogate  markers  of  subclinical 
disease  progression  and  permit  identification  of  high-risk 
patients  early  in  their  disease  course  (4-6) .  Furthermore  DNA 
based  genetic  testing  of  serial  blood  samples  offers  an  easily 
accessible  route  by  which  to  evaluate  ongoing  genetic  events 
which  may  have  prognostic  significance  (7)  .  This  new  approach 
provides  for  a  minimally  invasive  method  to  monitor  subclinical 
disease  progression  and  offers  a  novel  technique  for  potentially 
assessing  response  to  therapeutic  interventions  in  early  stage 
breast  cancer  patients  (8) .  We  have  successfully  demonstrated  the 
detection  of  circulating  DNA  microsatellites  for  LOH  in  the  serum 
of  breast  cancer  patients  (9)  and  have  shown  its  potential 
utility  as  a  prognostic  factor.  During  the  grant  period  we  have 
developed  a  methodology  to  allow  for  high  throughput  and 
multiplexing  of  DNA  markers  in  order  to  more  efficiently  and 
accurately  evaluate  multiple  samples.  This  high-throughput  assay 
for  LOH  is  performed  by  PCR  and  capillary  array  electrophoresis 
(CAE)  .  During  the  grant  period  we  have  demonstrated  the  unique 
finding  that  free  DNA  can  be  detected  in  bone  marrow  aspirates 
and  this  DNA  consists  of  microsatellites  with  LOH.  The  grant 
period  was  delayed  due  to  logistic  problems  in  the  human  IRB 
consent.  However,  once  approved  the  aims  of  the  proposed  studies 
were  carried  out.  This  is  the  final  report  of  the  study. 
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Body 


Aim  la:  Assessment  of  microsatellite  markers  for  LOH  in  serum. 

In  this  Aim,  we  assessed  breast  cancer  patients'  serum  for 
LOH  using  a  panel  of  multiple  polymorphic  microsatellite  markers 
on  multiple  chromosomes.  DNA  was  isolated  from  serum  obtained 
pre-operatively  from  AJCC  stage  I-III  patients  and  at  the  time  of 
diagnosis  from  AJCC  stage  IV  patients.  Initial  studies  for  LOH 
analysis  were  performed  by  gel  electrophoresis  using  a 
fluorescent  scanner  and  ClaritySC  3.0  software  (Media 
Cybergenetics) .  We  then  converted  the  post-PCR  fragment 
separation  and  detection  to  a  capillary  array  electrophoresis 
(CAE) (Beckman  CEQ  8000  XL)  assay.  We  compared  the  assay 
sensitivity  and  specificity  between  the  gel  electrophoresis/ 
fluorescent  scanner  and  the  CAE.  The  sensitivity  and  throughput 
capacity  was  much  improved  using  the  CAE.  Samples  previously 
assessed  by  gel  electrophoresis  were  validated  by  the  CAE. 
Samples  are  to  be  run  in  triplicate.  Serum  was  collected  from 
healthy  female  donors  and  assessed  in  a  similar  manner.  This  new 
approach  provided  high-throughput  analysis  with  greater 
sensitivity  and  specificity.  The  specificity  was  up  to  1-2  bp 
differences . 

Overall,  we  obtained  146  patients:  122  AJCC  stage  l-III  and 
24  AJCC  stage  IV  patients.  The  serum  was  processed,  DNA 
extracted,  and  quantified.  For  controls  SO  healthy  donor 
individuals,  seven  DCIS  (ductal  carcinoma  in  situ) ,  and  two 
patients  with  benign  disease.  At  least  one  LOH  marker  was 
identified  in  serum  samples  form  the  44  (30%)  of  the  146 
patients.  The  most  frequent  marker  detected  was  D16S421  occurring 
in  15  (10.3%)  patients  was  followed  by  D17S849  in  11  (7.5%) 
patients,  D8S231  in  10  (6.8%)  patients,  D17S855  and  D10S197  in  9 
(6.2%)  patients  each,  D14S62  in  8  (5.5%)  patients,  D14S51  in  6 
(4.1%),  and  TP53  in  2  (1.4%)  patients.  None  of  the  healthy  donor 
volunteers,  benign  breast  disease  or  DCIS  had  LOH.  There  was  a 
statistically  significant  correlation  of  LOH  presence  and  AJCC 
stage  (p  <0.001) .  LOH  was  present  in  7  (13%)  of  54  AJCC  stage  I 
patients,  13  (26%)  of  51  AJCC  stage  II  patients,  8  (47%)  of  17 
stage  III  patients,  and  16  (67%)  of  24  stage  IV  patients. 
Patients  were  assessed  in  regards  to  standard  known  prognostic 
factors  such  as  tumor  type  and  size,  ER,  PR,  grade,  DNA  ploidy, 
S-phase  fraction,  Ki67  index,  HER2  receptor,  p53  overexpression 
and  lymph  node  involvement.  There  was  a  significant  correlation 
to  tumor  size  with  LOH  in  serum  (p  <0.027).  Advanced  tumor  grade 
was  also  significantly  associated  with  the  presence  of  serum  LOH 
occurring  in  13(34%)  of  38  patients  with  grade  3  tumors  as 
compared  to  12  (15%)  of  81  patients  with  grade  1  or  2  tumors  (p  = 
0.016).  There  was  a  statistically  significant  correlation  between 
the  presence  of  serum  LOH  and  the  extent  of  lymph  node 
involvement  according  to  the  pathology  node  status  (pN) 
classification  of  the  AJCC  staging  system.  Eleven  (14%)  of  77 
patients  with  no  lymph  node  metastasis  (pNO)  demonstrated  LOH  in 
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serum  whereas  9  (30%)  of  30  patients  with  pNl  and  6  (46%)  of  13 
patients  with  pN2/pN3  disease  demonstrated  serum  LOH  (p  <0.0.02). 

A  logistic  regression  model  was  developed  to  examine  the 
relation  of  AJCC  stage,  nodal  involvement,  tumor  size  and  grade 
with  the  serum  LOH  for  patients  with  AJCC  stage  I-III  disease 
(n=122) .  A  stepwise  procedure  was  used  for  variable  selection. 
Compared  to  patients  without  pathologic  lymph  node  involvement 
(pNO) ,  patients  with  pNl  disease  had  an  estimated  odds  ratio  = 
2.44  (95%  confidence  interval  =  0.85  to  6.98)  and  pN2/pN3  had  an 
estimated  odds  ratio  =  5.49  (95%  Cl  =  1.53  to  19.69)  for  the 
presence  of  circulating  tumor  DNA  for  LOH  in  serum,  respectively. 

Aim  lb.  Assessment  of  LOH  markers  in  fluid  of  bone  marrow  (BM) 
aspirations . 

For  this  Aim,  because  bone  is  such  a  common  site  of  breast 
cancer  recurrence,  we  sought  to  determine  whether  microsatellite 
markers  associated  with  breast  cancer  could  be  detected  in  BM 
aspirates  from  patients  with  early  stage  breast  cancer.  Cell- 
free  plasma  from  BM  aspirates  in  48  patients  was  collected  intra- 
operatively  from  patients  undergoing  surgery  for  their  primary 
breast  cancer  diagnosis  (manuscript  #3).  This  was  a 
retrospective  study  of  BM  aspirates  previously  collected.  Eight 
polymorphic  microsatellite  markers  which  correspond  to  regions 
that  have  been  shown  to  demonstrate  significant  LOH  suggesting 
sites  of  putative  tumor  suppressor  and/or  metastasis  related 
genes  were  selected:  D1S228  at  lp36;  D8S321  at  8qter-8q24 . 13; 
D10S197  at  10pl2;  D14S51  at  14q32 . 1-I4q32 . 2 ;  D14S62  at  14q32; 
D16S421  at  16q22.1;  D17S849  at  17pter-17qter  and  D17S855  at  17q 
(manuscript  #5) .  Methods  are  being  developed  to  optimize 
extraction  of  DNA  from  BM  plasma.  DNA  was  isolated  from  acellular 
fluid  obtained  from  BM  aspirations,  purified  and  quantified. 
Paired  lymphocytes  were  collected  from  each  patient  and  DNA 
extracted  to  serve  as  normal  control  for  each  PCR  reaction. 
Following  PCR,  fragments  will  be  assessed  using  the  CAE  assay 
system.  Cell  free  plasma  from  BM  aspirates  in  48  patients  was 
assessed:  LOH  was  detected  in  11(23%)  of  patients'  BM.  In  24 
patients  paired  blood  serum  samples  were  available  for  analysis 
and  showed  more  frequent  detection.  The  detection  frequency  of 
markers  was  D14S62  (12%) ,  D14S51  (8%) ,  D1S228  (8%) ,  D8S321  (5%) , 
D10S197  (4%),  D17S855  (3%),  D17S849/D16S321  (0).  There  was  an 
increased  association  between  the  presence  of  LOH  in  the  BM  and 
advanced  disease  stage:  AJCC  stage  I  (19%),  AJCC  stage  II  (31%), 
and  AJCC  stage  III  (50%)  .  The  study  successfully  demonstrated  the 
presence  of  LOH  markers  in  early  stage  BM.  This  is  an  important 
and  significant  finding  since  breast  cancer  has  a  high  propensity 
to  metastasize  to  the  BM  early  in  the  course  of  tumor 
progression . 
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Aim  Ic.  Correlation  of  LOH  microsatellite  markers  in  paired  bone 
marrow  and  primary  tumors . 

To  determine  whether  a  correlation  existed  between  LOH 
detected  in  early  stage  breast  cancer  patients'  bone  marrow  and 
primary  tumors,  we  assessed  match-paired  specimens  with  identical 
microsatellite  markers.  DNA  was  isolated  from  paired  primary 
tumor  and  bone  marrow  specimens  and  analyzed  using  8 
microsatellite  markers  (D8S321,  D10S197,  D14S51,  D14S62,  D16S431, 
T53 ,  D17S849  and  D17S855) .  There  was  an  association  of  primary 
tumor  size  and  LOH.  Lobular  carcinomas  were  more  likely 
associated  with  increased  LOH  in  BM  aspirates  than  infiltrating 
ductal  carcinoma  tumors  (p  <0.006).  The  concordance  of  primary 
tumors  LOH  with  detection  of  BM  LOH  was  >90%. 

Aim  Ila.  Assessment  of  circulating  tumor  cells  in  blood  by 
qualitative  RT-PCR  and  correlation  to  LOH  in  serum 

In  this  study,  we  will  assess  blood  from  breast  cancer 
patients  diagnosed  with  breast  cancer.  RNA  was  extracted  from 
cells  in  the  blood  and  will  be  analyzed  using  a  quantitative 
Realtime  RT-PCR  assay.  The  previously  developed  assay  using 
ultrasensitive  electrochemiluminescence  detection  solution  phase 
technology  (IGEN)  with  specific  probes  for  the  presence  of  four 
tumor  markers  {(3-HCG  (human  chorionic  gonadotropin)  ,  c-MET  (HGF 
receptor) ,  GalNAc  (glycosyltransferase) ,  STC-1  (stanniocalcin-1) 
and  MAGE- 3  (melanoma  associated  antigen- 3) }  were  converted  to  the 
quantitative  Realtime  RT-PCR  assay.  Blood  was  collected  and  being 
assessed  with  matched-paired  serum  samples  for  LOH.  These  studies 
are  ongoing  and  will  be  completed  in  several  months.  The  studies 
were  delayed  due  to  establishing  and  optimizing  the  marker  assays 
for  quantitative  realtime  RT-PCR.  These  studies  will  be  completed 
by  separate  funding. 

Aim  lib.  Assessment  of  circulating  tumor  cells  in  blood  by 
quantitative  RT-PCR 

Currently,  we  are  developing  and  optimizing  markers  used  in 
Ila  for  quantitative  RealTime  RT-PCR  (qRT) .  Primers,  probes  and 
standards  have  been  developed  and  tested  on  normal  and  patients' 
blood.  The  assays  for  individual  markers  are  being  evaluated  on 
controls  for  specificity  and  sensitivity.  The  optimized  assays 
will  be  used  for  assessment  of  blood  from  patients.  During  our 
studies  we  developed  a  new  RT-PCR  marker  referred  to  as  HMW  (high 
molecular  weight)  marker  was  originally  discovered  in  melanoma 
but  has  now  been  detected  in  breast  cancer  cells  at  approximately 
30-40%  depending  on  the  stage  of  disease.  This  new  marker  is 
being  pursued  for  specificity  and  sensitivity  currently  in 
addition  to  the  other  markers.  Circulating  tumor  cells  are 
detected  in  breast  cancer  patients  relative  to  advancing  AJCC 
stage.  However,  the  utility  is  not  known  until  adequate  follow  up 
time  is  carried  out  particularly  the  stage  I  and  II  patients. 
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Aim  lie.  Assessment  of  isolated  tumor  cells  in  blood 

We  have  been  investigating  apoptotic  cells  in  culture  and 
tissue  sections  by  immunostaining .  The  objective  was  to  develop 
an  optimized  assay  that  can  be  informative  and  reliable.  We  found 
that  single  cells  are  difficult  to  assess  for  apoptosis  whereby, 
clumps  of  cells  were  easier  to  assess.  Currently  we  are 
developing  techniques  to  improve  isolation  of  tumor  cells  from 
blood.  Different  types  of  magnetic  beads  and  antibodies  are  being 
tested  to  get  optimal  cell  isolation.  The  study  to  date  was  not 
successful.  The  major  problem  is  the  lack  of  specificity  of 
antibodies  to  breast  tumor  cells.  This  has  hampered  the  study. 

Aim  Ilia.  Neoadjuvant  treatment  analysis 

To  date  we  have  collected,  processed  and  isolated  DNA  from 
patients'  from  patients  receiving  neoadjuvant  treatment.  However, 
we  have  not  yet  run  these  samples.  In  these  patients  we  will  be 
assessing  LOH  markers  in  serum  and  circulating  tumor  cells.  These 
will  be  run  in  the  near  future  as  follow  up  is  not  completed  yet. 
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Key  Research  Accomplishments 


•  Conversion  of  the  gel  electrophoresis/fluorescent  scanner 
assay  for  assessment  of  microsatellite  to  capillary  array 
electrophoresis  (CAE) . 

•  Conversion  of  IGEN  electrochemiluminescence  RT-PCR  detection 
assay  to  a  quantitative  Realtime  RT-PCR  assay. 

•  Establishment  that  microsatellite  with  loss  of  heterozygosity 
(LOH)  can  be  detected  as  free  DNA  in  breast  cancer  patients. 

•  Circulating  DNA  as  LOH  of  microsatellites  can  be  detected  in 
bone  marrow. 

•  Correlation  of  LOH  markers  in  breast  cancer  patients'  serum  as 
a  significant  prognostic  factor. 
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Reportable  Outcomes 
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Conclusions 


The  study  demonstrated  that  microsatellite  markers  with  LOH  can 
be  detected  as  circulating  DNA  in  serum  and  in  bone  marrow 
aspirates.  The  first  most  significant  discovery  was  the  presence 
of  these  DNA  markers  in  serum  with  increasing  levels  as  disease 
stage  advanced.  The  second  most  significant  finding  is  that  these 
DNA  markers  were  significant  prognostic  factors.  The  third 
important  finding  is  the  detection  of  DNA  markers  in  early  stage 
bone  marrow  aspirates.  The  study  accomplishments  are  quite 
significant  and  move  the  field  of  circulating  DNA  forward. 
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